Screening and isolation were carried out of thraustochytrids from fallen, senescent mangrove leaves from three mangrove forests in Chon Buri province, Thailand. In total, 715 thraustochytrid isolates were obtained and classified into 10 species: Aurantiochytrium mangrovei, A. limacinum, Aurantiochytrium sp.1, Aurantiochytrium sp.2, Aurantiochytrium sp.3, Aurantiochytrium sp.4, Aurantiochytrium sp.5, Aurantiochytrium sp.7, Unknown 1 and Unknown 2. The frequency of occurrence of thraustochytrids ranged from 2.50% to 57.50% and was higher in the dry season than the rainy season. The dominant species found in these areas were A. mangrovei and A. limacinum, and the leaves of Avicennia alba had the greatest abundance of A. mangrovei (57.50%) and A. limacinum (28.75%). The biomass of A. mangrovei and A. limacinum was in the range 6.88e22.49 g/L, and 9.39e20.71 g/L, respectively. The highest content of polyunsaturated fatty acids (PUFA) was docosahexaenoic acid (DHA, C22:6n-3) in A. limacinum and A. mangrovei at 1.43e29.67% and 0.84e31.09% of total fatty acid, respectively. The arachidonic acid (ARA, C20:4n-6) and eicosapentaenoic acid (EPA, C20:5n-3) contents were highest in A. limacinum (0.03e0.10% of total fatty acid), and A. mangrovei (0.13e0.60% of total fatty acid), whereas the amount of docosapentaenoic acid (DPA, C22:5n-3) was similar in A. limacinum (0.41e6.08% of total fatty acid) and A. mangrovei (0.23e7.51% of total fatty acid). The results from this study add to the database of biodiversity of thraustochytrids in Thailand and showed that high amounts of C22:6n-3 in some selected strains have potential for use in aquaculture or commercial use.
Introduction
Thraustochytrids are non-photosynthetic marine protists of the eucaryota with monocentric thalli, an ectoplasmic net and biflagellate zoospores. The thallus possesses a multi-layered wall of scales composed predominantly of L-galactose (Bongiorni, 2012) . They have been classified into the Class Labyrinthula of the Kingdom Chromista or Straminipila (Burja et al., 2006; Raghukumar, 2002) , and not as fungi, based on the taxonomy of the phylogenetic analysis through 18S rRNA sequencings (CavalierSmith et al., 1994) , but they are closely related to the red and brown algae (Mannella et al., 1987) . They can be found in seawater, algae, seagrass, coral reef, estuarine, mangrove forest, sediment and oceanic habitats worldwide (Leaño, 2001; Fan et al., 2002; Shene et al., 2010) . They play an important role as a decomposer in marine environments, especially in the decomposition of leaf materials in mangrove forests, as a food source for filter feeders and detritus feeders in mangrove food webs and also as secondary producers in coastal zones (Raghukumar, 2002; Leaño, 2001; Wong et al., 2005; Perveen et al., 2006; Chang et al., 2012) and additionally as detritivores, bacterivores or pathogens of edible marine invertebrates (Mo and Rinkevich, 2001; Scharer et al., 2007) . Another important feature of thraustochytrids is the ability to degrade hydrocarbons following oil spill events (Raikar et al., 2001) .
Thraustochytrids produce high amounts of n-3 polyunsaturated fatty acids (n-3 PUFA), especially C22:6n-3 (DHA) and C20:5n-3 (EPA) which are essential for human health. C22:6n-3 is important for brain, eye and heart health, while C20:5n-3 is a precursor for prostaglandin-3 (inhibits platelet aggregation), thromboxane-3, and leukotriene-5 groups (Jain et al., 2007) . Thraustochytrium aureum Goldstein ATCC 34304 and ATCC 28211 were reported to contain 47.40% C22:6n-3 and 52.30% total fatty acid (Bajpai et al., 1991) . Numerous studies on thraustochytrids mentioned that they were abundant on fallen, decaying leaves of Kandelia candel (L.) Druce and in the sediments in Futian National Nature Reserve, China (Wong et al., 2005) , and also on leaves of Kandelia candel as well as in Hong Kong (Fan et al., 2002) . A new species (Thraustochytrium gaertnerium) was found from mangrove forest in Goa, India (Bongiorni et al., 2005) . However, there have been few studies of thraustochytrid diversity in Thailand; Juntaban et al. (2007) found Schizochytrium mangrovei Raghuk., Schizochytrium limacinum Honda et Yokochi, Schizochytrium sp.2 and Ulkenia visurgensis (Ulken) A. Gaertn. from fallen leaves of mangrove forest at Bang Khun Thean, Bangkok. The current study aimed to determine the species diversity of thraustochytrids from the fallen leaves of mangrove forests in Chon Buri province, Thailand and also the amount of n-3 PUFA in this group, which might be beneficial for database expansion and commercial uses.
Materials and methods

Sampling sites
Three mangrove forests (Mangrove Forest Conserve and Natural Study Center (Station 1, as a conservation and planting area, 13⁰20 0 33.78 00 N and 100⁰56 0 32.65 00 E), Klong Prong Mangrove forest, Ang Sila (Station 2, as a community area, 13⁰18 0 54.59 00 N and 100⁰55 0 2.85 00 E), and Sattahip Naval Base, Sattahip (Station 3, as a conservative area, 12⁰38 0 46 00 N and 100⁰55 0 49 00 E)) were the sites for collecting fallen, senescent mangrove leaves (Fig. 1) . The sampling occurred in March 2014 (dry season) and September 2014 (rainy season). There were 6, 7 and 10 mangrove species collected from Stations 1, 2 and 3, respectively (Table 1) . Dissolved oxygen (DO), pH, water temperature and salinity in the study areas were in the ranges 1.99e2.46 mg/L, 7.35e8.82, 24.9e30.0 C and 12e15 psu, respectively.
Sample collection and isolation
Twenty samples of fallen leaves in each mangrove species were collected and placed in plastic zip lock bags and brought to the laboratory for screening and isolation of thraustochytrids. Each leaf was cut into nine small pieces (0.25 cm 2 ) and washed twice in sterile seawater. Then leaf pieces were placed onto glucose-yeast extract-peptone HIMEDIA agar (GYP agar medium containing 1 g/ L each of glucose, yeast extract and peptone with antibiotics) and overlaid with a thin layer of sterile seawater. Three GYP plates were prepared per leaf sample (60 plates/mangrove species). These plates were incubated at room temperature (29e32 C) and 
Remark: Station 1 Natural and Mangrove Reservation Study Center (S1). Station 2 Klong Prong Mangrove Forest, Ang Sila (S2). Station 3 Sattahip Naval Base, Sattahip (S3). þ Species was found at that station. mm Absent monitored daily for the appearance of thraustochytrids. Colonies of thraustochytrids were picked up and the isolates were purified on GYP agar. Thraustochytrid isolates were identified based on: morphological features (formation of zoospores, cell division); zoosporangial characteristics (release of zoospores); and colony formation, using the identification keys of Honda (2001 ), Hunt (2000 , Leander and Porter (2000) , and . The thraustochytrid species were characterized using their frequency of occurrence (%) in each mangrove species (Equation (1)): 
Frequency of occurrence ð%Þ ¼
Number of specific thraustochytrid observed Total number of leaf samples collected ðper mangrove speciesÞ Â 100 (1)
Biomass and fatty acid composition analysis
Thraustochytrid isolates were grown with glucose and yeast extracts in the ratio 6:1 (6 g/L of glucose and 1 g/L of yeast extract with antibiotics) in sterile seawater at 15 psm, temperature 25 C and stirring at 200 rpm for 4 d to determine the biomass (harvested using centrifugation and lyophilization) and fatty acid composition. Fatty acids of thraustochytrid were analyzed using direct transmethylation with 2% sulfuric acid in methanol and then heated at 80 C water bath for 2 h (modified from Shimizu et al., 1988) and fatty acid methyl esters were separated using gas chromatography (HP 6890 Series GC System; Wilmington, DE, USA) equipped with a flame ionization detector. A capillary column was used HP-INNOWax polyethylene glycol; 25 m Â 200 mm Â 0.40 mm; Agilent Technologies; Santa Clara, CA, USA. Helium was used as the carrier gas and the injector and detector temperatures were both 250 C. The column temperature was initially programmed to be 150 C for 1 min, and increased at a rate of 15 C/min to180 C, holding for 1 min, then 1 C/min to 210 C, holding for 3 min, and 2 C/min to a final temperature of 250 C, holding for 10 min. Peak identification was performed by means of the retention time of known standard fatty acids (Sigma Chemical Co.; St. Louis, MO, USA). The fatty acid compositions were determined by comparing their peak areas with that of the internal standard (19:0) which had been added in the sample before extraction (modified from Shimizu et al., 1988) .
Results and discussion
In total, 715 thraustochytrid isolates were obtained, classified into 10 species: Aurantiochytrium mangrovei, Aurantiochytrium limacinum, Aurantiochytrium sp.1, Aurantiochytrium sp.2, Aurantiochytrium sp.3, Aurantiochytrium sp.4, Aurantiochytrium sp.5, Aurantiochytrium sp.7, Unknown 1 and Unknown 2 (Table 2 and Fig. 2 ). The dominant species were A. mangrovei and A. limacinum. This agreed with Juntaban et al. (2007) who found Schizochytrium mangrovei (syn. Aurantiochytrium mangrovei), Schizochytrium limacinum (syn. Aurantiochytrium limacinum), Schizochytrium sp.2 (syn. Aurantiochytrium sp.2), and Ulkenia visurgensis on fallen leaves from a mangrove forest in Bang Khun Thean, Bangkok, Thailand. Six thraustochytrids (Schizochytrium sp. KF-1, Schizochytrium mangrovei KF-2, KF-7, KF-12, Thraustochytrium striatum KF-9 and Ulkenia KF-13) were found on fallen, senescent leaves of Kandelia candel in Hong Kong (Fan et al., 2002) .
The average frequency of occurrence of thraustochytrids from these three mangrove forests was in the range 2.50e57.50%, with A. mangrovei being the main species found (5.00e57.50%), followed by A. limacinum (5.00e28.75%; Table 3 and Fig. 3 ). This was in agreement with Raghukumar et al. (1994) who stated that thraustochytrids were found in large numbers in mangrove detritus. All mangrove leaf samples from Panay Island, the Philippines had few-to-abundant thraustochytrid colonies and Schizochytrium mangrovei (A. mangrovei) was the most abundant (40e100%; Leaño, 2001) . The highest frequency of occurrence of thraustochytrids was mostly in the dry season rather than the rainy season (Table 3) . Aurantiochytrium sp.4, Aurantiochytrium sp.3 (5.00e10.00%) and Aurantiochytrium sp.7 (5.00%) were found only in the rainy season (5.00e25.00%), while Aurantiochytrium sp.5 was found only in the dry season (5.00e15.00%). This might have been due to differences in adaptation and tolerance of thraustochytrid species to fluctuating salinities and others physical factors in the mangrove environments. This result was consistent with the findings of Nakazawa et al. (2012) who mentioned that Aurantiochytrium sp. usually inhabits mangrove areas where daily and seasonal temperature and salinity fluctuation occurred. Some strain of thraustochytrids may have higher potential to adapt to these conditions than others.
The thraustochytrids in this study were found on a wide variety of mangrove leaf species. Leaves of Avicennia alba had the greatest abundance of A. mangrovei (57.50%), followed by Thespesia populnea (53.75%), and Avicennia marina and Rhizophora mucronata (52.08%), while Lumnitzera racemosa had the lowest (5.00%; Table 3 and Fig. 3 ). It was found that the diversity and frequency of occurrence of thraustochytrids for each mangrove leaf species depended on leaf characteristics such as succulence (thin and thick), leaf senescence or decay (yellow or yellowish-brown or black-colored leaves), leaf humidity (internal water storage tissue), salinity, inundation, waterlogging and the season. The brown or yellowish-brown color of the wet leaf samples collected in this study had higher percentages of occurrence of thraustochytrids which could be found inhabiting all mangrove leaf species, as the thraustochytrids are decomposers and can secrete high amounts of extracellular enzymes (degradative enzymes), such as cellulase, amylase, polygalacturonase, protease, lipase and xylanase that can degrade mangrove leaves (Raghukumar et al., 1994; Bremer and Talbot, 1995; Bongiorni et al., 2005) and also act as a food source for detritus and picoplankton feeders in mangrove ecosystems (Wong et al., 2005) .
The biomass production of some thraustochytrid isolates from the three mangrove forests was in the range 6.88e22.49 g/L at day 4 (Fig. 4) . The selected isolates with high yields of biomass for further commercial use were: A. mangrovei BUCHSC 021, A. mangrovei BUCHSC 103, A. mangrovei BUCHSC 123, A. mangrovei BUCHSC 142 and A. mangrovei BUCHHT 172 (20.11e22.49 g/L); and A. limacinum BUCHHT 093 (20.71 g/L). The remaining thraustochytrid species had biomass of less than 20 g/L. The biomass amounts from this study were higher than those reported by Kamlangdee and Fan (2003) who stated that five isolates of Schizochytrium sp. from mangrove forest (Kandelia candel) in Hong Kong had biomass yields in the range 10.8e13.2 g/L. However, different growth conditions affect the biomass yield such as salinity, temperature, pH and the media used; Fan et al. (2002) stated the optimal growth temperature and salinity for six thraustochytrids isolated from senescent leaves of Kandelia candel in Hong Kong were 20e25 C and 7.5e30.0 psu, respectively, and also the optimal salinity for thraustochytrids was 50e100% seawater (Raghukumar, 2008) . 
Fatty acids content in thraustochytrids
The C13:0, C14:0, C16:0, C17:0 and C18:0 fatty acids were the dominant saturated fatty acids (SFAs), while the polyunsaturated fatty acids (PUFAs) were dominated by C22:6n-3, followed by C22:5n-3, C20:5n-3 and C20:4n-6, respectively. The PUFA composition was dominated by n-3 rather than n-6 fatty acids. This was in agreement with previous articles which reported that the principal fatty acids were palmitic acid (C16:0) and C22:6n-3 in thraustochytrids (Liu et al., 2014; Ludevese-Pascual et al., 2016) but the majority of PUFAs in Thraustochytrium sp. ATCC 26185 were C22:5n-3 (21e24%) and C22:6n-3 (68e71%) (Furlan et al., 2012) .
C20:4n-6 and C20:5n-3 were found in lower amounts with C20:4n-6 being highest in A. limacinum (0.09e0.55 mg/g dry weight (DW); 0.03e0.10% of total fatty acids), and the amount of C20:5n-3 was highest in A. mangrovei (0.52e5.67 mg/g DW, 0.13e0.60% of total fatty acids). These results were quite similar to Ludevese-Pascual et al. (2016) who reported that Schizochytrium sp. LEY7 had low amounts of C20:4n-6 (0.90%) and C20:5n-3 (1.01%), and also 0.30% and 0.90% of C20:4n-6 and C20:5n-3, respectively (Kamlangdee and Fan, 2003) . High amounts of C22:5n-3 were similar in A. limacinum (1.37e37.71 mg/g DW, 0.41e6.08% of total fatty acids) and A. mangrovei (4.74e41.87 mg/g DW, 0.23e7.51% of total fatty acids; Fig. 4 ). C22:5n-3 plays an important role in the cell physiology of thraustochytrids, aplanochytrids and labyrinthulids and it is quite rare in other organisms but commonly found in the Labyrinthulomycetes and can be considered as a signature fatty acid (Huang et al., 2003) .
The dominant fatty acid in thraustochytrids was C22:6n-3 which had the highest content in A. limacinum (4.71e191.07 mg/g DW, 1.43e29.67% of total fatty acids) and A. mangrovei (20.75e175.34 mg/g DW, 0.84e31.09% of total fatty acids). This was in agreement with previous work reporting Aurantiochytrium sp. had a C22:6n-3 content of 27.90% (Nakazawa et al., 2012) , and 145 mg/g DW (30.30% of total fatty acids; Choi et al., 2014) , Schizochytrium sp. isolate had N-2 (157.90e203.60 mg/g DW, 36.10% of total fatty acid; Kamlangdee and Fan, 2003) and Schizochytrium sp. LEY7 (39.92% of total fatty acid; Ludevese-Pascual et al., 2016) . Thraustochytrium spp. and Schizochytrium spp. had a C22:6n-3 content in the range 1.50e35.00% of total fatty acids (Singh and Ward, 1997) , while Aurantiochytrium sp. SD116 had 50.90% of total fatty acids (Gao et al., 2013) .
The biomass and C22:6n-3 production of thraustochytrids in this study ranged from 6.88 to 22.49 g/L and 0.84e31.09% of total fatty acids, respectively, which were incorporated with the composition of the growth medium as mentioned in A. limacinum SR21 (Yokochi et al., 1998) , while the Aurantiochytrium strain, 4W-1b, had fatty acid production and yields of C22:6n-3 and C16:0 of 9 g/L, 1.5 g/L and 4.8 g/L, respectively (Nakazawa et al., 2012) . In addition, Schizochytrium sp. had the highest C22:6n-3 production at 44% of total fatty acids with biomass and a C22:6n-3 yield of 7.1 and 1.6 g/L, respectively (Liu et al., 2014) . These previous articles mentioned that the strains obtained from various areas had different amounts of fatty acids; for example, the Australian strains had a higher C22:6n-3 content (17e31% of total fatty acids) than Indian strains (Gupta et al., 2016) . The production depended on strain specificity and growth conditions such as media, salinity, temperature, pH and growing period. These results indicated that thraustochytrids are considered as marine microorganisms that can commercially produce C22:6n-3 and can be used as alternative source of polyunsaturated fatty acids, especially C22:6n-3 for aquaculture or further commercial uses.
This study isolated thraustochytrids from fallen, senescent mangrove leaves in Chon Buri province belonging to 10 species with 2.50e57.50% occurrence. A. mangrovei BUCHSC 021 and A. limacinum BUCHHT 093 showed high potential as sources of C20:5n-3 and C22:6n-3, while A. mangrovei BUCHSC 103, A. mangrovei BUCHSC 123, A. mangrovei BUCHSC 142, and A. mangrovei BUCHHT 172 were sources of C22:6n-3.
